Abstract Red cell distribution width (RDW) was found to be a prognostic marker in heart failure patients. The aim of the study was to investigate the relationship between RDW and echocardiographic parameters in diastolic heart failure (DHF). Seventy-one consecutive DHF patients (26 men) and 50 controls (21 men) were included in the study. All of the study population underwent echocardiographic evaluation, and blood samples were obtained. RDW and N-terminal pro-B-type natriuretic peptide (NT-proBNP) values were significantly higher, whereas there was an increasing trend for high-sensitivity C-reactive protein levels in DHF patients than those in controls (p < 0.001, p < 0.001, and p Z 0.064, respectively). All of the echocardiographic parameters evaluating diastolic function were more deteriorated in the DHF group. Patients who had an RDW value greater than the cutoff point also had higher NT-proBNP levels, an elevated ratio of mitral peak velocity of early diastolic filling to early diastolic mitral annular velocity, and increased estimated pulmonary capillary wedge pressures by tissue Doppler parameters, but lower creatinine clearance (p < 0.05 for all). According to the cutoff values calculated using receiver operating characteristic analysis, RDW > 13.6% and NT-proBNP > 125 pg/mL have high diagnostic accuracy for predicting DHF. RDW values were increased in the DHF population. Our results suggest that the high RDW levels in patients with DHF may be related to increased neurohormonal activity, impaired renal functions, and elevated filling pressure, but not to increased inflammation.
Introduction
Diastolic heart failure (DHF) is a clinical syndrome characterized by the symptoms and signs of heart failure, a preserved ejection fraction, and abnormal diastolic function [1] . Various definitions, such as "heart failure with preserved systolic function" or "heart failure with normal or near normal ejection fraction" have also been used [2] . The proportion of patients with DHF in epidemiological studies ranges from 40% to 71% (mean, 56%), but in hospitalbased cohort studies, it is slightly lower, ranging from 24% to 55% (mean, 41%) [3] . Older age; hypertension with left ventricular hypertrophy; pathologies, such as diabetes, obesity, coronary artery disease (CAD), and new onset atrial fibrillation are commonly associated with DHF [2, 3] .
Red cell distribution width (RDW) is a quantitative measure of anisocytosis, the variability in size of the circulating erythrocytes, and is routinely reported by automated laboratory equipment used to perform complete blood counts [4] . Higher RDW values indicate that a greater variety of cell sizes is present. In clinical practice, RDW is generally used to narrow the differential diagnosis of anemia, especially to differentiate iron deficiency anemia and thalassemia [5, 6] . Recently, there has been growing attention given to the relationship between RDW and cardiovascular disorders, such as heart failure and CAD. This interest was spurred by the report from Felker et al. [7] , which showed that there is a strong, independent association between RDW and the risk of adverse outcomes in heart failure patients, and the study by Tonelli et al. [8] , which predicted a graded independent relationship between RDW and the risk of death and cardiovascular events in patients with CAD.
Although the prognostic importance of RDW in various cardiovascular diseases, including systolic heart failure, is well known, there are no data about RDW in the DHF population. The purpose of the present study was to determine if RDW levels are significantly different in DHF patients compared with those of controls and to investigate the relationship between RDW and echocardiographic parameters.
Design and methods

Study population
Seventy-one consecutive patients [mean age, 57 AE 7 years; 26 (37%) men] diagnosed with DHF in our clinic and 50 controls [mean age, 56 AE 7 years; 21 (42%) men] were included in the study. DHF was diagnosed when symptoms (dyspnea not associated with any other cause) and signs (rales or peripheral edema) of heart failure were observed along with a preserved left ventricular ejection fraction (LVEF ! 50%) and evidence of diastolic dysfunction. The control group was formed from voluntary individuals admitted to our clinic who did not have heart failure symptoms and signs and who had a preserved LVEF. Patients with systolic heart failure; hemodynamically unstable valvular heart disease; congenital heart disease; atrial fibrillation; chronic obstructive pulmonary disease; malignancy; known hematological diseases, such as hemolytic anemia, neoplastic metastases in the bone marrow; pregnancy; severe arthritis and inflammatory bowel diseases that can increase plasma RDW levels and other extracellular fluid increasing diseases, such as hypothyroidism and liver cirrhosis, were excluded from the study. The patient group was divided into two according to the most appropriate cutoff point of RDW calculated for predicting DHF (RDW 13.6%, RDW > 13.6%).
The present study was a single-center study. All examinations were performed by the cardiology clinic of our hospital. All participants gave their informed consent before inclusion in the study. The study protocol was approved by the local committee at our institution.
Echocardiographic measurements
All of the study population underwent echocardiographic evaluation individually on the day of their admission (2.5-mHz transducer; Philips EnVisor C, Bothell, WA, USA). Standardized projections and measurements were performed for the evaluation of cardiac anatomy, ventricular function, and valve competence. LVEF was measured by Simpson's method [9] . Left ventricular mass was calculated by the formula described by Devereux et al., and left ventricular mass index was obtained by dividing the left ventricular mass by the body surface area [10] . The following conventional mitral inflow pulse wave Doppler parameters were measured: peak velocity of early diastolic filling and late filling, and deceleration time of the E-wave velocity. These parameters were obtained from the apical four-chamber view with a 1-mm to 3-mm sample volume placed between the mitral leaflet tips during diastole. Pulmonary venous flow parameters were also measured: peak systolic velocity (Ps), peak antegrade diastolic velocity (Pd), and the Ps/Pd ratio. These parameters were obtained from the apical four-chamber view with a 2-mm to 3-mm sample volume placed 1 cm into the pulmonary vein. Tissue Doppler parameters were measured: peak systolic mitral annular velocity, early diastolic mitral annular velocity (Em), and late diastolic mitral annular velocity (Am). These parameters were obtained from the apical four-chamber view with a 2-mm to 5-mm sample volume placed 1 cm within the septal and lateral insertions of the mitral leaflets. The mean of three or more measurements was used for analysis of the Doppler data. The ratio of mitral peak velocity of early diastolic filling to early diastolic mitral annular velocity (E/Em) was calculated for the lateral and septal annulus, and the mean of the lateral and septal E/Em were also determined. As previously described, the formula (1.24 Â (E/Em) þ 1.9) was used to estimate pulmonary capillary wedge pressure (PCWP) [11] . Diastolic dysfunction is defined as Em < Am if Em is less than 10 cm/s in lateral mitral annulus or less than 8 cm/s in septal mitral annulus [12] .
Biochemical measurements
Blood samples were obtained during admission for routine chemistry, including N-terminal pro-B-type natriuretic peptide (NT-proBNP) and high-sensitivity C-reactive protein (hs-CRP) after an overnight fast. RDW values were measured with a Pentra DX 120 analyzer (ABX, Montpellier, France) in our hospital laboratory. NT-proBNP analyses were made by the electrochemiluminescence immunoassay method (Cobas 6000 analyzer; ROCHE Diagnostics GmbH, Mannheim, Germany), and hs-CRP analyses were made using the immunonephelometry method (Dade Behring, Inc., BN Prospect, Marburg, Germany) in our hospital laboratory. The Cockcroft-Gault formula was used to calculate creatinine clearance [13] .
Statistical analysis
According to Kolmogorov-Smirnov normality test, two independent-sample t tests were used to compare the normally distributed independent variables between two groups, and Mann-Whitney U test was used to compare the non-normally distributed independent variables between two groups. Normally distributed continuous data were expressed as mean AE standard deviation; non-normally distributed continuous variables were presented as median and interquartile range (Quartiles le3). Chi-square test was used for comparing the categorical data. Categorical data were expressed as count and percentages. A receiver operating characteristic (ROC) curve was constructed for RDW and NT-proBNP to test the effectiveness of various cutoff points in predicting DHF. The area under the ROC curve was calculated; the sensitivity and specificity for the RDW and NT-proBNP of the most appropriate cutoff point were calculated for predicting DHF. Spearman's correlation test was used for correlation between variables. A multivariate logistic regression model was implemented to determine RDW, NT-proBNP, and other covariates associated with DHF. A p value less than 0.05 was considered statistically significant. Statistical analysis was performed by using commercial software (IBM SPSS Statistics 19, SPSS Inc., an IBM Co., Somers, NY, USA).
Results
Baseline characteristics and the differences between the patient and the control groups There were no significant differences between the patient and the control groups with regard to age, sex, hypertension, diabetes, CAD, smoking, medications, body mass index, fasting blood glucose, thyroid status, lipid profile, creatinine clearance, serum creatinine, and hemoglobin levels ( Table 1 ). The patient group had higher blood pressure, more hypertrophy in the left ventricle, and a bigger left atrial size (Tables 1 and 2 ). RDW and NT-proBNP were significantly higher in the patient group [RDW: 12.99% AE 1.34% vs. 14.33% AE 1.53%, p < 0.001; NT-proBNP: Table 1) . hs-CRP was also higher in the patient group, but this difference did not reach significant levels [3.19 mg/dL Table 1 ). The mitral E; lateral, septal, and mean E/Em; and the PCWP estimated from each of the E/Em measurements were all significantly higher, whereas Ps/Pd, lateral and septal Em, and lateral and septal Em/Am were significantly lower in the patient group (Table 2) .
Relationship between RDW and study parameters
The most appropriate cutoff point calculated for predicting DHF was 13.6%. The patients who had an RDW value equal or less than 13.6% were included in the "lower RDW" group. The remaining formed the "higher RDW" group. There were no significant differences between the lower and higher RDW groups with regard to age, sex, diabetes, CAD, smoking, medications except statin and aspirin, body mass index, fasting blood glucose, thyroid status, and hemoglobin levels (Table 3) . Hypertension was significantly higher in the "higher RDW" group, but systolic and diastolic blood pressures were similar (Table 3) . Cholesterol levels were lower, and the number of patients on statin therapy was higher in the "higher RDW" group (Table 3) . Serum creatinine was significantly higher, and creatinine clearance was significantly lower in the "higher RDW" group (Table 3 ). There were no significant differences in the LVEF, left ventricular mass index, Ps/Pd ratio, E/A, and lateral and septal Em/Am of the "lower RDW" and "higher RDW" groups ( Table 4 ). The mean E/Em and estimated mean PCWP were significantly higher in the "higher RDW" group (Table 4) . NT-proBNP was significantly higher in the "higher RDW" group, but this difference was not seen in the hs-CRP levels (Table 4) .
RDW positively correlated with NT-proBNP (p < 0.001, r Z 0.373); mean E/Em (p < 0.001, r Z 0.385); estimated mean PCWP (p < 0.001, r Z 0.385); and hs-CRP (p Z 0.007, r Z 0.246) in the study population. When we performed the same analysis for DHF patients, results were significant for NT-proBNP (p Z 0.004, r Z 0.316); mean E/Em (p Z 0.035, r Z 0.227); and estimated mean PCWP (p Z 0.035, r Z 0.227), but not for hs-CRP (p Z 0.093, r Z 0.202).
According to the cutoff values calculated using ROC analysis, RDW > 13.6% and NT-proBNP > 125 pg/mL have high diagnostic accuracy for predicting DHF (area under the ROC curve Z 0.736, p < 0.001 and area under the ROC curve Z 0.725, p < 0.001, respectively). There was also no significant difference for diagnostic accuracy between the Data are shown as mean AE standard deviation or median (interquartile range).
A Z peak velocity of late filling; Am Z late diastolic mitral annular velocity; E Z peak velocity of early diastolic filling; E/Em Z early mitral inflow velocity to early diastolic mitral annular velocity ratio; Em Z early diastolic mitral annular velocity; PCWP Z pulmonary capillary wedge pressure; Sm Z peak systolic mitral annular velocity.
two methods (p Z 0.898) ( Table 5 and Fig. 1 ). According to multivariate logistic regression model (adjusted for systolic and diastolic blood pressure and left atrium diameter), when RDW value increases by 1 unit, risk of DHF increases 1.84 times, and when NT-proBNP value increases by 1 unit, risk of DHF increases 1.01 times (Table 6 ).
Discussion
This study has shown that the RDW is elevated in the DHF population, and that higher RDW levels are associated with higher NT-proBNP levels and elevated left ventricular filling pressures (LVFPs) in DHF patients. RDW is a quantitative measure of anisocytosis, which is the variability in size of the circulating erythrocytes, and is routinely measured by automated laboratory equipment used to perform complete blood counts [4] . There are several hematological reasons for elevated RDW, such as iron deficiency anemia, hemolytic disorders, vitamin B 12 and folate deficiency, and thrombotic thrombocytopenic purpura [14e17]. It has also been shown that RDW levels are elevated in stroke, colon cancer, inflammatory bowel disease, pregnancy, and pulmonary hypertension [18e22]. Moreover, RDW has been found to be the predictor of allcause deaths in two community-based cohorts [23, 24] . Recently, RDW has been shown to be a novel marker for predicting outcomes in the heart failure population [7, 25, 26] . It has been concluded that RDW independently predicts 1-year mortality after an acute heart failure episode, and high RDW values also predict poor long-term outcome regardless of anemia status in acute heart failure patients [27, 28] . High RDW values are also associated with increased risk of death and cardiovascular events in people with prior myocardial infarction without symptomatic heart failure, all-cause mortality in an unselected population referred for coronary angiography, mortality after acute myocardial infarction, adverse outcomes in patients with acute coronary syndrome, and long-term mortality in patients undergoing percutaneus coronary intervention [8,29e32] .
There are several potential mechanisms to explain elevated RDW values in heart failure. Previous studies have addressed inflammation, ineffective erythropoiesis, malnutrition, impaired renal function, and neurohormonal activation in heart failure patients [26] .
Because our study is the first to evaluate the relationship between RDW and DHF, there is no information about the possible mechanism for RDW elevation in this population. According to Kitzman et al. [33] , neurohormonal abnormalities similar to those observed in systolic heart failure occur in DHF. In the present study, RDW was shown to be correlated both with NT-proBNP and hs-CRP for our study population, but the correlation between hs-CRP and RDW remained insignificant for the patient group. Moreover, there were also no significant differences in hs-CRP values between the patient and the control groups. This suggests that neurohormonal activation may be more effective for RDW elevation in this population than inflammation. Van Kimmenade et al. [27] also demonstrated that the elevation of RDW in acute heart failure patients did not appear to be associated with nutritional status, transfusion history, or inflammation. On the other hand, Allen et al. [34] very recently showed that elevated RDW may indicate inflammatory stress and impaired iron mobilization in heart failure population.
Previous studies show that elevated NT-proBNP values are diagnostic of DHF and are associated with elevated LVFP [35, 36] . It has been found that there is a strong correlation between NT-proBNP and E/Em, and a threshold of 269.1 pg/mL of NT-proBNP predicted an E/Em > 15 with 90% sensitivity and 73% specificity in DHF [37] . The positive correlation between elevated RDW and NT-proBNP, E/Em, and PCWP in our study implies that increases in LVFP could be the underlying mechanism for RDW elevation in patients with DHF. Oh et al. [38] found that there is an association between RDW elevation and E/Em in acute heart failure patients, and that the optimal cutoff value of RDW for predicting E/Em > 15 is 13.45%. We observed significant differences related to NT-proBNP, mean E/Em, and estimated mean PCWP values in the two groups divided according to the cutoff value of RDW for predicting DHF (13.6%). Hampole et al. [22] found that in patients with pulmonary hypertension and right heart failure, elevated RDW is associated with mortality, but there is no correlation with hemodynamic parameters. Based on this finding, the elevation in RDW is not only explained by hemodynamic abnormalities.
Renal functions were significantly more impaired in our "higher RDW" group. Förhécz et al. [26] previously addressed impaired renal function as one of the possible mechanism for RDW elevation in patients with heart failure. A similar mechanism may also be responsible for the higher RDW values in DHF patients. Figure 1 . Receiver operating characteristic curve showing the relationship between sensitivity and false positivity at various cutoff points for red cell distribution width (RDW) and N-terminal pro-B-type natriuretic peptide (NT-proBNP) to predict diastolic heart failure.
The lower cholesterol levels in our "higher RDW" group can be explained by the greater proportion of patients on statin therapy. Our DHF group had higher systolic blood pressure, more hypertrophy in the left ventricle, and bigger left atrial size. This is an expected result because hypertension-hypertrophy is one of the etiologies of DHF.
There are potential limitations of this study. First, the sample size was relatively small. Second, despite the evidences that E/Em is a good noninvasive predictor of LVFP, we did not measure left ventricular pressures directly. Third, we did not measure vitamin B 12 and folate levels, which are one of the potential causes of increased levels of RDW. However, our study population is not anemic, and the possible effect of these vitamin deficiencies may be unimportant. Fourth, we also did not evaluate the nutritional status, which has been previously suggested as a potential cause of RDW increase. Finally, it may not be true to suggest that neurohormonal activation is the major underlying mechanism for RDW elevation in DHF population according to the correlation found between RDW and NT-proBNP alone. Measurements of renin, angiotensin II, and epinephrine can help make more accurate inferences.
In conclusion, RDW values were increased in the DHF population. Our results suggest that high RDW levels in patients with DHF may be related to increased neurohormonal activity, impaired renal functions, and elevated filling pressure, but not to increased inflammation. RDW can be used as an additive marker for predicting elevated LVFP in patients with DHF at no additional cost. However, further studies are required to solve the underlying mechanism for the RDW increase in this population. CI Z confidence interval; NT-proBNP Z N-terminal pro-B-type natriuretic peptide; OR Z odds ratio; RDW Z red cell distribution width.
